. With each subsequent survey, the demands for more and varied resource data to satisfy current needs have led to more complicated inventories and increased tabular output from the computer. Emphasis has shifted between these inventories, as have the geographic sampling units, standards, definitions, plot designs, and processing calculations and techniques.
But amid this evolving effort to conduct state-of-the-art inventories that respond to the needs of Congress and the people of Maine, one survey item has remained a basic component: number of trees. It is generally staightf orward to estimate, reliable, objective, and comparable with past estimates. In spite of its simplicity, number of trees can be presented in numerous contexts that, taken together, allow one to appreciate more fully the composition of the forests of Maine.
The data in this report, then, center on number of trees. These data are estimates, and do have associated sampling errors. The estimates are taken from the timber land base, and do not include trees on nonforest or noncommercial forest land. Still I will be discussing about 90 percent of the tree resource in the state and 97 percent of the forest resource. Besides statewide data, comparisons are made between the nine geographic sampling units used in the 1982 forest survey (Fig. 1) . Although most of the analysis focuses on the third and most recent inventory, I discuss, where comparisons are valid, trends in forest composition that have occurred during the period between inventories. From the many approaches that one could take to evaluate forest composition, I have selected three that are useful in characterizing different aspects of Maine's woods: species composition, tree class, and size.
Species Composition
Maine has 17 million acres of timberland -a land use that occupies 86 percent of the land area of the state.
Such a sizeable resource is populated with a variety of tree species. On the 2,099 new field plots established on timberland during the 1982 survey, we encountered 47 different tree species (see list in appendix). Although this is 53 species short of the total number reported by the state (Maine Forestry Department 1973) , they included many exotic or uncommon species that would occur very rarely in natural forest conditions as well as many small trees that we consider shrubs. Of the 47 we tallied, 39 are commercially important to forest industries. Softwood or coniferous species number 12 while hardwood or broadleaved species are more numerous with 35. As shown later, this is nearly the only criterion in which hardwoods outnumber softwoods in Maine.
since it is rather cumbersome to discuss all of these species as they relate to forest composition, we will concentrate on those species that predominate. Fortunately the vast majority of the number of trees are accounted for by a small number of species. All live trees (all species and all sizes from seedlings on up), total 94.4 billion on Maine's timberland (Table 1 The three softwood species -balsam fir. red spruce, and northern white-cedar-are dominant in boreal forests that cover much of northern Maine and the surrounding provinces of Canada. The seven hardwood species are common in northern states where the climate is cool and moist. The presence of striped and mountain maple may surprise many people. The species are both noncommercial and are small in stature. As shown later, size of the trees considered has a major affect on species composition. Since this list includes seedlings, which in terms of numbers of trees is overwhelming, it is understandable why these two prolific understory species are ranked so high.
In order to compare species composition for all three forest inventories of Maine, we need to consider growing stock trees 5.0 inches diameter at breast height (dbh) and larger. Also, because of the way in which the data were processed, we cannot always work with individual species and must use species groups: spruce includes red, white, and black spruce, and aspen includes quaking and bigtooth aspen plus balsam poplar. In percentage terms, here are the top 10 for each survey:
Balsam fir and spruce dominate all three surveys. The other species pale in comparison. These species reached their peak influence in 1971 with 55 percent, and reached their lowest point in 1982 with 47 percent. This is due to the significant decline caused by high rates of mortality and harvesting in balsam fir between 1971 and 1982 (Powell 1985 .
No species maintained its ranking across all three inventories.
(Where species tied on a percentage basis, the one(s) with more trees was (were) ranked higher). Although the shifts in ranking may be subtle in some cases, these changes in composition demonstrate the dynamics and flux of Maine's forest resource.
The changes are the result of natural and man-caused factors working to varying degrees with one another. For instance, red maple is showing slow but steady progress, moving from 7 to 9 percent. As in other states in the Northeast (Powell and Considine 1982, Considine 1984) A white pine lumber manufacturer would be drawn to southwestern Maine (Fig. 2H) , while someone supplying a cedar log cabin mill would go in the opposite direction (Fig. 2D) . A wildlife photographer seeking to capture the marten ( Martes americana ) on film would head for northern and western Maine where spruce and fir are most common.
Individuals seeking the distinctive paper birch, either for esthetic enjoyment or for turning the wood into any number of specialty products, from golf tees to tongue depressors, would best concentrate their efforts in western Maine, especially Franklin County ( Figure 2E ).
A common distinction in forestry is made between softwood and hardwood species. While such a distinction is broad, it often provides a useful purpose in describing the timber resource or wildlife habitat in general terms. Maine is unique as a northeastern state in many respects, one of which is that it is dominated by softwood trees.
Geographic location accounts for Maine's large boreal component of spruce, balsam fir, and northern white-cedar as well as such cooler climate species as hemlock and white pine. In 1982, 65 percent of the growing-stock resource was softwood, and northern and eastern Maine were the areas where softwoods were most prevalent (Fig. 3 ).
While such dominance is impressive, it pales somewhat in comparison to the situation in the preceding survey. In 1971, the softwood percentage was 72 and all nine geographic sampling units were dominated with needle-leaved trees.
By 1982, all units had a lower proportion of softwoods. The two units showing the most change actually moved to a hardwood-dominated condition: Casco Bay went from 57 percent softwood to 44 percent and the Capital Region went from 56 percent to 46 percent. It is difficult to assign a cause for these changes, but perhaps a combination of forest succession, harvesting practices, and insect (especially spruce budworm) damage is the cause .
Tree Class
Tree class is used to group trees by their potential for producing high-quality lumber. Growing-stock trees are divided into two classes: preferred trees are of highest quality, and acceptable trees are merchantable but not good enough to be preferred. Rough and rotten trees are live trees that are unmerchantable for sawlogs due to poor form or excessive decay, respectively. They are also known as cull trees. The two dead classes are salvable dead trees or trees that have died recently and could be used for wood products, and dead trees that are still standing but are no longer of any possible use as a product. This nonsalvable dead class generally describes trees known as snags and serves a useful purpose from a wildlife habitat point of view. Tree class was only assigned to trees 5.0 inches dbh and larger.
The average tree-class percentage of all species for the state in 1982 was 19 preferred, 53 acceptable, 10 rough cull, 6 rotten cull, 5 salvable dead, and 7 nonsalvable dead. The growing-stock trees dominate the resource, followed by cull trees and then dead trees. Within these broad classes, acceptable trees are more common than preferred trees, rough culls are more common than rotten culls, and nonsalvable dead trees are more common than salvable dead trees. The preferred cat^ory represents the elite in sawlog potential trees. It is natural to expect that they would make up a minority of the growing-stock resource. Trees are classed as rough cull when they are too deformed due to excessive branching, taper, sweep, or crook to yield a merchantable sawlog. If the tree is only a poletimber tree at the time of the inventory, then its condition when it reaches sawtimber size is projected, and if it is determined that the tree will not then yield a merchantable sawlog because of poor form, it is classified as a rough cull. Growing conditions and species composition in Maine have resulted in more rough culls than rotten ones. In the dead tree categories, the nonsalvable trees are more prevalent in stands because they can remain standing for several years, while the salvable dead trees remain in their condition only briefly before becoming totally unmerchantable. These relative positions of the tree classes generally hold true for the different species and the different geographical areas of Maine, but the actual percentage distributions vary.
The top 10 species groups for all trees 5.0 inches dbh and larger account for 85 percent of the total for all species (Table 11 ). When we compute the tree class percentage for these (Fig. 4) . Beech has 50 percent in the growing-stock classes (the lowest) and 39 percent in the cull classes (the highest). Beech is also the only species that has more rotten cull trees than rough cull trees. At the opposite extreme, red spruce has 87 percent in growing-stock classes and more than one-third of its trees are preferred. Red spruce also has the lowest percentage in cull classes (6 Many factors contribute to the percentage of cull trees for a species. The most important is the inherent capacity of the species to produce sawtimber trees. Gray birch, for instance, is generally a small, short-lived pioneer species that is not recognized as a lumber species. This is borne out by the fact that it has the highest percentage of cull trees -49. Another important factor is the susceptibility of the species to fire, insect, disease, or other damage that might prevent the species from producing timber. Beech and elm are two examples of hardwood species that have high numbers of cull trees due to insect and disease problems -beech bark disease and dutch elm disease, respectively. White pine, though one of the 10 species with the lowest proportion of culls, could have a figure much lower than 15 percent if it were not for the white pine weevil. This insect feeds on the succulent growth of the terminal leaders and eventually kills them. The dead terminal shoot is replaced by one or more branches of the topmost living whorl, which assumes vertical growth causing a crooked or forked stem (Baker 1972) . Trees suffering this type of damage for several years become multiple-stemmed, cabbage-shaped, and worthless for timber. A third factor is the level of forest management that has been practiced with a given species or group of species. In Maine, this factor is not very important because the level of sound forest management, especially for sawtimber products, has been low.
The species composition within tree classes is dissimilar. Figure 8 shows the three broad tree classes -growing-stock, cull, and dead -and the top five species within each one. The only consistent species is balsam fir, which ranks first in all classes. But notice that of all the salvable and nonsalvable dead trees 5.0 inches dbh and larger, balsam fir accounts for an extraordinarily large share-43 percent (Fig.   8C ).
Insect, disease, and old age are obviously affecting the balsam fir resource more than other species. Northern white-cedar is the only other species in the top five for all tree classes. Note that its share of the cull and dead resources exceeds its share of the much larger growing-stock resource. This is so because there was no market for this species for many years and cedar will stand dead or partly dead for many years.
Size
Size classes are based on diameter at breast height, which is the diameter outside bark of a standing tree measured at 4-1/2 feet above the ground. The smallest trees are seedlings or trees at least 1 foot tall and less than 1.0 inch dbh The next two classes are saplings: 2-inch (1.0 to 2.9 inches dbh) and 4-inch (3.0 to 4.9 inches dbh).
Once a tree reaches 5.0 inches dbh it qualifies as merchantable-sized, and we calculate cubic volumes from this point on.
Poletimber trees range from 5.0 inches dbh to 8.9 inches dbh for softwoods and to 10.9 inches dbh for hardwoods. Sawtimber trees are 9.0 inches dbh and larger for softwoods and 11.0 inches dbh and larger for hardwoods.
As we consider different subsets of the top 10 species for all live trees of all sizes, the species composition shifts (Fig. 9) . Balsam fir, which dominated all sizes, is still first for trees 5.0+ inches dbh But for trees 9.0+ inches dbh it fell to the number two spot, and for large trees (15.0+ inches dbh) it accounted for less than 2 percent of the resource and did not make the top 10. Red maple, the most populous hardwood species, remained in the top 10 but fell steadily in rank as only larger sized trees were considered (Fig. 9 ). White pine, on the other hand, moved in the opposite direction from ninth place to fifth to first as the smaller trees were ignored.
Another way to look at this is to calculate for each species the percentage of all species for each diameter class and then plot these percentages across the diameter classes. I did this for six species ( class to see how it compares with all of the other species. For example, look at balsam fir. For the seedling class, its value is 26 percent, meaning that for all live seedlings in Maine 26 out of every 100 are balsam fir. For the 2-inch sapling class, balsam fir accounts for nearly one out of every three trees. From this point balsam fir's dominance declines sharply. This emphasizes the small-tree nature of the balsam fir resource. In contrast, white pine is a large-tree species whose share of the resource expands with increasing diameter. Its influence begins its steep ascent at the 10-inch diameter class, and for the largest trees white pine accounts for more than 20 percent of the resource.
Sugar maple follows a similar trend with notable exceptions in the seedling and sapling classes.
Sugar maple is much more prolific in the understory of Maine's woods than is white pine. At the county level, the average diameter for all species ranged from 7.7 inches in Waldo County to 8.7 inches in York County (Fig. 11) . Eastern Maine, which had the lower quality resource in terms of cull trees (Fig. 6) , also has the smaller tree resource. The southern Maine counties have the greatest concentrations of larger trees, which probably reflects better growing conditions as well as a preponderance of white pine (Fig. 2H) , a large-tree species. Concentration and continuation of management activities in this region also may have contributed to this situation (personal communication, Kenneth Hendren, Maine Forest Service) Table 23 shows the average diameter by species. These data, especially at the geographic-unit level, should be used with some caution because in many instances they are based on very small samples. For instance, the average diameter of 19.4 inches for red oaks in Piscataquis County seems extraordinarily large. There are relatively few red oaks in the county and samples are highly variable. If we extract the 10 species (or species groups) with the greatest number of trees in the state and then list them in descending order of average diameter, we get: of the growing-stock resource, it is not DIAMETER CLASS (inches) surprising to see that the trends in softwoods (Fig. 14a) 1959, 1971, and 1982. DIAMETER CLASS (inches) with the exception of the larger sawtimber trees which have remained constant since 1959. It is evident that the hardwood resource is changing in ways unlike the softwood resource. It has the characteristics of a thriving resource that is recruiting new trees to the 6-inch class, is growing in size, and is maturing. These are characteristics shared by the hardwood resource throughout the Northeast. Figure 15 shows the diameter distribution of the most common softwood (balsam fir) and the most common hardwood (red maple). Balsam fir was increasing at a robust rate, 30 percent, between 1959 and 1971. Industry geared up to capitalize on this resource, one which was overstocked, particularly with small, aging trees. Mortality due to suppression and old age began to take its toll, and this process was accelerated by a severe outbreak of the spruce budworm. The result of these factors led to the dramatic reversal between 1971 and 1982 (Fig. 15A) . The total number of trees actually fell below the 1959 level.
5.0+ INCHES
Red maple continues to build its growing-stock resource. This amazing species has been increasing throughout the Northeast for the last 20 years, and Maine's red maple is no exception (Fig. 15b) .
While its number of trees has increased across the first four diameter classes (which contain 95 percent of the red maple trees) during both remeasurement periods, its rate of increase has slowed from 23 percent (1959 to 1971) Growing-stock trees dominate the timberland. Cull trees and dead trees come in a distant second and third, respectively. There is quite a range of tree-class distributions by species. Red spruce, for instance, is in a most favorable sawtimber situation, while beech is in a most undesirable condition. Such conditions vary across Maine, with less favorable conditions in the East. The cull resource has increased for softwoods but is still considerably less than it is for hardwoods. Species composition within tree class varies, and balsam fir most clearly demonstrates its dominance in the dead tree resource of Maine.
As different sizes of trees are considered, the species composition also varies. At one extreme, balsam fir dominates the small size classes while white pine is most common in the large sawtimber sizes. The average diameter of trees in Maine is the smallest of all 14 Northeastern states despite an increase since
1971.
This increase is due to a combination of accretion and various stand dynamics that affect tree populations. The 6-inch diameter class accounts for nearly one-half of all growing-stock trees despite a significant decline since 1971. This decline occurred in the softwood species, as the hardwoods showed increases in the poletimber and small sawtimber classes while remaining unchanged in the large sawtimber class. These differences between softwoods and hardwoods are attributable to differences in growth patterns, kinds and impacts of damages (insect, disease, weather, fire, etc.) and harvesting practices. 
Appendix

Definition of Terms
Acceptable tree , (a) Live sawtimber trees that do not qualify as preferred trees but are not cull trees. (b) Live poletimber trees that prospectively will not qualify as preferred trees, but are not now or prospectively cull trees Accretion . The estimated net growth on growing-stock trees that were measured during the previous inventory, divided by the length of the period between surveys. It does not include the growth on trees that were cut during the period, nor those trees that died.
Commercial species . Tree species presently or prospectively suitable for industrial wood products. Excludes species of typically small size, poor form, or inferior quality, such as hawthorn and sumac.
Cull tree . A rough tree or a rotten tree.
Diameter at breast height (dbh) . The diameter outside bark of a standing tree measured at 4-1/2 feet above ground. Forest land . Land at least 10 percent stocked with trees of any size or that formerly had such tree cover and is not currently developed for nonforest use. The minimum area for classification of forest land is 1 acre.
Geographic unit . A county or a group of counties within a state that is large enough from which to draw sample plots which will yield statistically reliable estimates of timberland area, volume, and components of change.
Growing-stock trees . Live trees of commercial species classified as sawtimber, poletimber, saplings, and seedlings; that is, all live trees of commercial species except rough and rotten trees.
Ingrowth . The estimated net volume of growing-stock trees that became 5.0 inches dbh or larger during the period between inventories, divided by the length of the period between surveys . Land area . (a) Bureau of Census: The area of dry land and land temporarily or partly covered by water, such as marshes, swamps, and river flood plains; streams, sloughs, estuaries, and canals less than 1/8 statute mile wide; and lakes, reservoirs, and ponds less than 40 acres in area, (b) Forest Inventory and Analysis: same as (a) except that the minimum width of streams, and 80 on, is 120 feet, and the minimum size of lakes, and so on, is 1 acre.
Noncommercial species . Tree species of typically small size, poor form, or inferior quality that normally do not develop into trees suitable for industrial wood products.
Nonsalvable dead tree . A dead tree with most or all of its bark missing that is at least 5.0 inches in dbh and is at least 10 feet in height.
Poletimber trees . Live trees of commercial species meeting regional specifications of soundness and form and at least 5.0 inches dbh, but smaller than sawtimber trees.
Preferred tree . A high-quality tree, from a lumber viewpoint, that would be favored in cultural operations. General characteristics include grade 1 butt log (if sawtimber size), good form, good vigor, and freedom from serious damage . Rotten tree . A live tree of commercial species that does not contain at least one 12-foot sawlog or two noncontiguous sawlogs, each 8 feet or longer, now or prospectively, and does not meet regional specifications for freedom from defect primarily because of rot; that is, when more than 50 percent of the cull volume in the tree is rotten.
Rough tree , (a) The same as a rotten tree, except that a rough tree does not meet regional specifications for freedom from defect primarily because of roughness or poor form, and (b) a live tree of noncommercial species. Salvable dead tree . A tree at least 5.0 inches dbh that has recently died and still has intact bark. The tree may be standing, fallen, windthrown, knocked down, or broken off.
Sampling error. A measure of the reliability of an estimate, expressed as a percentage of the estimate. The sampling errors given in this report correspond to one standard deviation; and are calculated as the square root of the variance, divided by the estimate, and multiplied by 100.
Saplings . Live trees 1.0 through 4.9 inches dbh. Sawlog . A log meeting regional standards of diameter, length, and defect, including a minimum 8-foot length and a minimum diameter inside bark of 6 inches for softwoods and 8 inches for hardwoods.
Sawtimber trees . Live trees of commercial species at least 9.0 inches dbh for softwoods or 11.0 inches for hardwoods containing at least one 12-foot sawlog or two noncontiguous 8-foot sawlogs, and meeting regional specifications for freedom from defect. Timberland . Forest land producing or capable of producing crops of industrial wood (more than 20 cubic feet per acre per year) and not withdrawn from timber utilization. Formerly known as commercial forest land.
Tree class . A classification of the quality or condition of trees for sawlog production. Tree class for sawtimber trees is based on their present condition. Tree class for poletimber trees is a prospective determination-a forecast of their potential quality when they reach sawtimber size (11.0 inches dbh for hardwoods, 9.0 inches dbh for softwoods).
Trees . Woody plants that have well-developed stems and are usually more than 12 feet in height at maturity. Occurrence is based on the proportion of the species among all live trees 5.0 inches dbh or larger encountered on forest survey field plots: vr = very rare (<0.05%), r = rare (0.05 to 0.49%), c = common (0.5 to 4.9%), and vc = very common (>_5.0%).
'^Noncommercial species. Tables   Table No. Page 17.
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